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Abstract  
This paper intends to bring attention of both scientific and general audience to the status quo of the existing, 
residential building stock in Bosnia and Herzegovina, highlighting its energy savings potential. The research results 
presented in this text may be applicable on two levels: on a larger scale, the policy makers may use this data in the 
process of development of strategic and EE measures implementation plans, while, on a smaller scale, the individual 
users may gain practical insight into the benefits of energy saving measures and implement them in their own 
households. Moreover, the exposed data may be subject to further evaluations, studies and comparisons, while the 
presented methodology can be used by other researchers in countries where there have not been research activities 
on the existing residential buildings stock from the EE perspective. 
 
 
 
 
 
 
 
Introduction  
 
Energy efficiency policies and initiatives have 
already gained common acceptance and delivered 
positive outcomes in the developed countries of the 
world. The reasons to pursue energy efficiency have 
become widely accepted in a contemporary world, 
where there is a constant demand for more energy, 
while at the same time the quality of air, water and soil 
is continuously deteriorating as a result of demands to 
produce energy. Environmental changes are evident, 
and on the global scale we can see joined efforts to 
combat the climate change. The 2016 Paris agreement 
not only deals with the global temperature rise but also 
with strengthening of the countries’ capacities to deal 
with the impacts of climate change. In order to achieve 
the defined goals, the plan is to establish “appropriate 
financial flows, a new technology framework and an 
enhanced capacity building framework”, and, at the 
same time, to support the actions in line with the 
countries’ own national objectives [1].  
Although Bosnia and Herzegovina is still not a 
part of the European Union, the legislative reforms in 
many spheres are often informed by the EU 
regulations and by adopting positive European 
practices. In this regard, the FBiH Energy Efficiency 
(EE) Law, passed in February 2017, has embraced the 
three EU directives: 2006/32/EZ, 2010/31/EZ, 
2010/30/EU [2, 3].  
 
 
Figure 1: An estimation of the total energy use in Bosnia and 
Herzegovina, 2010 (NEEAP, February, 2012 p. 13) 
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In order to establish the baseline parameters 
for further recommendations, it is valuable to assess 
the share of the total energy use by the residential 
sector in BiH [3] in comparison to the European 
standards. According to the NEEAP (NEEAP = 
National Energy Efficiency Action Plan of Bosnia 
and Herzegovina) estimate, the residential sector in 
BiH is the largest consuming sector, with a share of 
more than 50% of energy use [4], which is more than 
30% higher than the average share in the EU countries 
[5] (Figure 1, Figure 2).  
 
Figure 2: Final energy consumption, EU-28, 2014 (EUROSTAT, 
2014) [5] 
 
The IEA data for 2013 [6] (“IEA aggregate 
refers to the twenty IEA member countries for which 
energy efficiency data covering most of the end users 
are  available: Australia, Austria, Belgium, Canada, 
Czech Republic, Finland, France, Germany, Greece, 
Ireland, Italy, Japan, Korea, New Zealand, The 
Netherlands, Spain, Sweden, Switzerland, the United 
Kingdom and the United States. These countries 
represented 85% of the total 2013 IEA final energy 
consumption.”), which indicate that the residential 
sector in the IEA countries accounted for the 21% 
share of final energy consumption, further underscore 
the unfavourable EE indicators of the residential 
building stock in BiH [7] (Figure 3).  
 
Figure 3: Total energy use for IEA member countries, 2013 
(International Energy Agency, 2016: p. 6) [5] 
 
The above analysis clearly indicates the 
necessity to focus the research towards the impact of 
the residential sector in Bosnia and Herzegovina on 
the overall energy consumption in Bosnia and 
Herzegovina.  Some of the most significant indicators 
of the low level of energy efficiency awareness can 
generally be attributed to the basic technical issues, 
such as the lack of or the poor thermal insulation of the 
architectural envelope, the deteriorated condition of 
windows and the technologically outdated heating 
systems. Over 85% of dwelling units in BiH are 
characterized by an extremely poor energy 
performance with a high coefficient of heat transfer of 
external heat layer (U), resulting in the inefficient end-
use of an estimated 30% of energy loss (World Bank, 
2012 p. 138) [8]. According to the European 
classification EMAS [9], an average residential building 
in BiH can be associated with the “F” energy class 
(161-200 kWh/m
2
) (CETEOR Sarajevo, 2012) [10]. 
According to the statistical data, the average size of a 
dwelling unit BiH is cca 77,07m
2
 (Agency for Statisics 
of Bosnia and Herzegovina, 2016 p. 222) [11], yet, 
only the 59.60% of the residential space is heated 
(Agency for Statistics of Bosnia and Herzegovina, 
2015 p. 9) [12].  
In order to address the identified issues 
related to the low level of energy efficiency in the 
residential sector in BiH, a research project entitled 
“Typology of residential buildings in Bosnia and 
Herzegovina” (Arnautović-Aksić, et al., 2016) was 
conducted from 2014 to 2016 [13]. Based on the data 
collected from the research, this paper intends to 
specifically focus on the topic of energy savings, 
targeting the segments of the residential stock in 
Bosnia and Herzegovina that possess the highest 
potential for the EE. 
 
 
Methodology of the research project 
“Typology of residential buildings in 
Bosnia and Herzegovina” 
 
The research project “Typology of residential 
buildings in Bosnia and Herzegovina” emerged from 
the basic methodological framework of the European 
research project Tabula ((IWU), 2017) [14], which was 
harmonised with the directives 2002/91/EC and 
2006/32/EC and co-financed by the European 
Commission’s IEE programme. The Tabula project 
was essentially conceived as a unique typological 
model of classification of residential buildings 
according to their construction period, as well as their 
physical and architectural properties. After the Tabula 
project was implemented in 20 European countries, a 
team of experts in architectural and mechanical 
engineering from Bosnia and Herzegovina, in 
collaboration with GIZ (GIZ, abbrev. German Agency 
for International Cooperation (Deutsche Gesellschaft 
für Internationale Zusammenarbeit (GIZ) GmbH, 
germ.), conducted an elaborate research of the 
residential stock at the national level. The research 
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was based on the Tabula project methodology and it 
included the statistical survey of 13,044 existing 
residential buildings in BiH, as well as the classification 
of the surveyed buildings according to the predefined 
criteria, by means of applying the historical, inductive-
deductive and comparative scientific methods. The 
collected registry of data on the residential stock at the 
level of Bosnia and Herzegovina offered numerous 
possibilities for statistical analysis, and, among others, 
a cluster analysis, which facilitated the selection of 29 
representative buildings for each of the residential 
typological categories. The final selection of the 
representative buildings or the so-called “typical 
buildings”, as the real representatives amongst the 
entire statistical sample, was as a result of the 
exploration of the average characteristics of each 
individual category.  
Typical residential buildings in BiH are 
displayed in the typological matrix, organized in two 
categories of single-family and four categories of 
collective housing, by columns, as well as in six 
categories according to their construction periods, by 
rows (Error! Reference source not found.4).  
 
Figure 4: The matrix of typical residential buildings in Bosnia and 
Herzegovina  
 
After the residential typology matrix was 
created, the research continued in the top down 
approach: each of the typical buildings, located 
throughout BiH, was documented in the course of the 
field work, and the collected data was used for the 
calculation of energy performance of individual 
buildings. Finally, the detailed architectural and 
thermo-technical data for each typical building, from its 
present state of energy performance to the potential 
energy savings after the application of two levels of EE 
improvements are included in the book. 
As the applied methodology embraced the top 
down and bottom up approaches, the research results 
were projected both at the level of the individual 
buildings as well as at the national level. Therefore, the 
applicative value of the research on the typology of 
residential buildings in Bosnia and Herzegovina may 
be regarded from several perspectives. The obtained 
data may be simultaneously used on a large and on a 
small scale, and may involve several stakeholders: 
from the governmental and non-governmental 
institutions and funds, to the financing institutions, the 
commercial companies and construction industries, the 
engineers and, finally to the end users. On the one 
hand, interpretation of the data on a larger scale may 
be beneficial to the governmental, financial and 
industrial sectors in identifying targets in the 
implementation of EE planning schemes in residential 
sector, as well as in developing further research. On 
the other hand, the end-users may learn about the 
benefits of refurbishment of the building types they 
inhabit, thus contributing to raising awareness of the 
general public. 
For all of the named reasons, this paper 
comprises of an interpretation of the research results 
on a larger scale, highlighting the absolute energy 
saving potential at the level of the entire residential 
stock in Bosnia and Herzegovina, as well as on a 
smaller scale, indicating the benefits of the EE 
measures application – at the level of individual 
buildings and its end-users.  
 
 
Analysis of the absolute energy savings 
potential at the level of the residential 
stock in Bosnia and Herzegovina 
 
One of the most valuable results of the 
research on the typology of residential buildings in 
Bosnia and Herzegovina (Arnautović-Aksić, et al., 
2016 [13], is the quantitative overview of the energy 
required for the heating of all residential building types, 
which also shows the potential effects of the 
implementation of EE measures improvement (Error! 
Reference source not found.). 
Table 1: Energy consumption and energy saving measures 
(Source: Authors, 2017) 
 
 
According to calculations based on the 
statistical data, the highest share of energy 
consumption is accounted to the typology of single-
family houses (85.22%), whereas the lowest share is 
SF TH MH AB1 AB2 H
Single-family 
house
Terraced 
house
Multi-family 
house
Attached 
apartment 
building in 
urban blocks
Apartment 
block
High-rise 
building
100% 
(MWh/year)
100% 
(MWh/year)
100% 
(MWh/year)
100% 
(MWh/year)
100% 
(MWh/year)
100% 
(MWh/year)
100% 
(MWh/year) Savings "I" Savings "II" 100% "I" "II"
up to 1945 244,439 8,433 17,488 20,151 0 0 290,512 66.54% 78.16% 1.48% 0.99% 1.16%
1946-1960 719,865 28,327 195,151 58,365 24,688 0 1,026,397 65.26% 77.97% 5.24% 3.42% 4.08%
1961-1970 2,752,871 87,198 327,081 80,437 284,792 58,326 3,590,706 63.85% 77.46% 18.33% 11.70% 14.19%
1971-1980 6,350,897 156,250 189,255 0 662,681 34,574 7,393,657 64.00% 78.03% 37.73% 24.15% 29.44%
1981-1991 3,101,309 89,498 115,571 3,022 197,170 0 3,506,571 48.12% 61.27% 17.90% 8.61% 10.97%
1992-2014 3,528,879 0 116,191 35,918 105,050 0 3,786,038 32.92% 47.76% 19.32% 6.36% 9.23%
TOTAL 16,698,261 369,706 960,738 197,893 1,274,382 92,900 19,593,880 55.23% 69.08% 100.00% 55.23% 69.08%
Energy need for heating  - 
PRESENT STATE 85.22% 1.89% 4.90% 1.01% 6.50% 0.47% 100.00%
Energy need for heating after the 
first set of measures 38.94% 0.87% 1.86% 0.35% 2.62% 0.13% 44.77%
Energy need for heating after the 
second set of measures 26.85% 0.64% 1.27% 0.24% 1.85% 0.08% 30.92%
SINGLE-FAMILY 
HOUSING COLLECTIVE HOUSING TOTAL
PRESENT 
STATE
After the 
first set of 
measures
After the 
second 
set of 
measures
Total in 
respect to 
total 
consumptio
n
Savings in 
respect to 
total 
consumptio
n after firste 
measures
Savings in 
respect to 
total 
consumptio
n after 
second 
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in high-rise residential buildings (0.47%). Such a 
distribution of consumption values was not surprising, 
as it is related to the volume of typologies within the 
overall distribution of the building stock; single-family 
houses represent the largest, while high-rise buildings 
are the smallest typology group.  
When observing energy consumption values of 
buildings arranged by their construction periods, the 
largest value of 37.73% of the total energy need for the 
entire residential building stock is attributed to the 
buildings constructed in the period from 1971 to 1980. 
In terms of EE measures planning on the level of 
Bosnia and Herzegovina, the highlighted energy 
consumption value indicates that buildings from that 
period should be regarded as priority for 
refurbishment. On the other hand, the development of 
the EE strategies at the local levels of government in 
BiH (cantons and municipalities) requires a particular 
and adapted approach. The reason is that the 
structure of the building stock varies from one 
settlement to another, in terms of building age and 
quantitative distribution of buildings types. This implies 
the necessity for the local levels of government to keep 
the track of the present state of building stock within 
their administrative borders, in order to create their 
own typology matrices and proceed to creating their 
particular action plans.  
The overall results of the research can be 
interpreted in two ways: on a larger scale, focusing on 
the absolute effects of the efficiency improvement 
measures, as well as on the smaller scale, assessing 
its relative effects. The absolute effects indicate the 
quantitative impact of improvements of the overall 
energy demand for heating at the level of the entire 
residential stock, while the relative effects address the 
typical buildings and indicate the measurement of 
improvements in comparison to its baseline. The 
calculation of the effects of EE improvements was 
conducted on the basis of two predefined levels of 
efficiency measures: the basic level, consisting of the 
standard measures of improvement the characteristics 
of architectural envelope, and the advanced level, 
consisting of the non-standard measures, which may 
significantly improve the energy/building class.  
Implementation of either one of the level of 
improvement measures have the most significant 
relative impact on all buildings types constructed 
before 1945, with a potential reduction of their energy 
demand up to 66.54% by the standard improvement 
measures, and to the 78.16% the non-standard 
improvement measures. However, the largest absolute 
impact on energy demand lies in potential 
implementation of the standard and non-standard 
efficiency measures of the buildings dating from the 
period from 1971 to 1981, with a possible decrease of 
energy consumption by 24.15% and 29.44%, 
respectively.  Refurbishment of all buildings 
constructed from 1961 to 1991 would contribute to 
44.46% of overall energy savings with standard 
measures, and 54.60% with non-standard measures. 
The highlighted values indicate the potential energy 
savings in specific segments of residential stock and 
may be relevant for the policy makers in enacting EE 
actions plans. 
The most favourable absolute effects of the 
21.02% decrease in energy demand of the entire 
residential building stock can be attained by standard 
measures in single-family houses from the 1971-1980 
period, and subsequently, in apartment blocks 
typology (2.03%), dating back from the same period. 
Furthermore, the refurbishment of multi-family houses 
built from 1961 to 1970 may result with 1.07% 
reduction of total energy demand, followed by terraced 
houses from 1971-1980 (0.36%) and attached 
apartment buildings in urban blocks from 1961-1970 
(0.29%). Implementation of standard EE measures on 
high-rise buildings from 1961 to 1970 may contribute 
to 0.22% of the reduction of total building stock energy 
demand. 
Table 2: Relative and absolute energy savings values 
Savings in 
respect to 
total 
consumption 
"I"
Savings in 
respect to 
total 
consumption 
"II"
Savings in 
respect to 
total 
consumption 
"I"
Savings in 
respect to 
total 
consumption 
"II"
Savings in 
respect to 
total 
consumption 
"I"
Savings in 
respect to 
total 
consumption 
"II"
Savings in 
respect to 
total 
consumption 
"I"
Savings in 
respect to 
total 
consumption 
"II"
Savings in 
respect to 
total 
consumption 
"I"
Savings in 
respect to 
total 
consumption 
"II"
Savings in 
respect to 
total 
consumption 
"I"
Savings in 
respect to 
total 
consumption 
"II"
up to 1945 0.84% 0.98% 0.02% 0.03% 0.06% 0.07% 0.07% 0.08% 0.00% 0.00% 0.00% 0.00%
1946-1960 2.34% 2.86% 0.08% 0.10% 0.69% 0.78% 0.22% 0.25% 0.09% 0.10% 0.00% 0.00%
1961-1970 8.86% 10.82% 0.27% 0.33% 1.07% 1.29% 0.29% 0.33% 1.00% 1.18% 0.22% 0.25%
1971-1980 21.02% 25.77% 0.36% 0.47% 0.61% 0.73% 0.00% 0.00% 2.03% 2.33% 0.12% 0.14%
1981-1991 7.36% 9.41% 0.29% 0.33% 0.41% 0.46% 0.01% 0.01% 0.54% 0.75% 0.00% 0.00%
1992-2014 5.87% 8.53% 0.00% 0.00% 0.20% 0.31% 0.08% 0.10% 0.21% 0.29% 0.00% 0.00%
TOTAL 46.28% 58.37% 1.02% 1.25% 3.04% 3.63% 0.66% 0.77% 3.88% 4.65% 0.34% 0.39%
SINGLE-FAMILY HOUSING COLLECTIVE HOUSING
Apartment block High-rise building
SF TH MH AB1 AB2 H
Single-family house Terraced house Multi-family house
Attached apartment 
building in urban blocks
 
 
Another relevant aspect of analysis is the 
comparison between the single-family and collective 
housing. Energy savings potential in single housing 
may have absolute effects of 47.30% compared to 
7.93%, which may be achieved in collective housing by 
implementing standard EE measures. In case of 
implementing the non-standard measures, the saving 
values raise to 59.69% and 9.45%, in single-family and 
collective housing, respectively. Consequently, EE 
investments in the segment of single-family housing 
are likely to produce the best results and deserve to be 
placed in the focus of financial and legislative plans.  
 
 
Analysis of the relative energy savings 
potential at the level of typical buildings  
 
Apart from its applicative potential on a larger 
scale – at the policy making level on the residential 
sector energy efficiency improvements, the results of 
the research on residential buildings typology may be 
beneficial to the general public in Bosnia and 
Herzegovina. The typology matrix (Figure 4) was 
envisaged as a simple tool that may be beneficial for 
the end-users to identify the type of building they 
inhabit. By providing data on the average architectural, 
physical and thermo-technical properties of the typical 
buildings and by providing an insight to the end-users 
in the benefits of application of energy efficiency 
Zagora et al. Assessment of the Energy Savings Potential in the Residential Building Stock in Bosnia and Herzegovina 
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measures, one of the objectives of the project 
“Typology of residential buildings in BiH” was to raise 
awareness on energy efficiency in the residential 
sector. 
In order to perform energy audits for the 29 
typical buildings, the methodology of in situ research 
included the study of the original project 
documentation, detailed measurements as well as the 
collection of relevant data for all the typical buildings 
located throughout the territory of Bosnia and 
Herzegovina. The calculation of values of the specific 
energy needs (Table 3) for heating was conducted in 
accordance with the valid regulations in both entities 
and the standard BAS EN ISO 13790. The energy 
demand calculation for heating per square metre of 
typical residential buildings was required in order to 
calculate the total amount of annual energy demand 
for the entire residential sector, on the one hand, while, 
on the other hand, it serves for the end-users to learn 
about the potential reduction of energy consumption 
after application of the proposed EE measures.  
Table 3: Overview of the values of the specific energy need for 
heating for 29 typical residential buildings in Bosnia and 
Herzegovina 
PRESENT STATE
Specific energy need for intermitted heating QH,nd,interm (kWh/m2/year)
SINGLE-FAMILY HOUSING
SH TH MH AB1 AB2 H
Single-family 
house
Terraced 
house
Multi-family 
house
Attached 
apartment building 
in urban blocks
Apartment 
block
High-rise 
building
up to 1945 452.34 183.16 230.73 176.08
1946-1960 473.96 321.27 216.19 158.75 176.71
1961-1970 464.90 196.42 188.44 153.05 170.10 193.37
1971-1980 381.59 199.04 146.79 129.85 125.64
1981-1991 135.93 219.20 189.20 93.62 110.87
1992-2014 127.61 65.22 68.06 54.81
COLLECTIVE HOUSING
 
 
Analysis of the reduction of values of energy 
demand after the application of the standard EE 
measures shows that the relative effects which can be 
attained in the single-family housing typologies on 
average account for 55.71%, in the collective housing 
typologies the average reduction is 69.02%.  
 
Figure 5: Average values of reduction of the of energy need after 
application of the EE measures 
 
A presentation of estimates of the potential 
reduction of energy demand for each residential 
building type is intended to encourage future 
investments by end-users, and by undertaking small 
steps to influence the overall energy efficiency 
progress in the residential sector.  
Nevertheless, experiences of countries with a 
longer tradition in developing energy efficiency 
strategies indicate that the pursuit of the defined 
objectives in the context of Bosnia and Herzegovina 
will surely be characterised by many obstacles:  
“Numerous barriers are responsible for this 
persistent energy efficiency gap. Market barriers 
include, for example, difficulty in accessing capital, the 
presence of information asymmetries, and principal-
agent problems, also referred to as split incentives. 
Financial barriers are also decisive in inhibiting 
progress towards more energy efficient buildings. Such 
barriers encapsulate a wide range of issues, including 
the initial cost barrier, risk exposure, discount factor 
issues, and the inadequacy of traditional financing 
mechanisms for energy efficiency projects.” (IEA/ 
OECD, 2008) [15]. 
In conclusion, this paper emphasized the 
energy savings potential of the residential sector as 
one of the key priorities in energy efficiency strategies 
in Bosnia and Herzegovina. The research results, 
indicating the benefits of EE measures implementation 
in the residential sector should be addressed to all 
stakeholders simultaneously, both on the large and the 
small scale – starting from the top, state-level, to the 
local levels of policy making, and, finally may involve 
individual end-users.  
The quantitative analyses presented in this 
paper show that the most significant energy saving 
potential at the level of Bosnia and Herzegovina lies in 
the single-family housing residential typologies. In 
comparison to the energy saving potential of 7.93% in 
collective housing, the implementation of EE measures 
in single-family housing may result with the absolute 
savings of 47.30%. Detailed analyses of the building 
types by their age demonstrate that the most 
favourable absolute effects of 21.02% of decrease in 
energy demand of the entire residential building stock 
can be attained by standard measures in single-family 
houses from the 1971-1980 period, and, subsequently, 
in apartment blocks typology (2.03%), dating back 
from the same period. When it comes to looking at the 
relative effects of energy saving strategies, the 
potential reduction that can be attained in the single-
family housing typologies on average accounts for 
55.71%, while, in the collective housing typologies, the 
average reduction is 69.02%.  
The presented data should serve 
governmental, financial and industrial sectors in 
identifying targets in the implementation of EE 
planning schemes in the residential sector, as well as 
in developing further research in order to devise action 
plans and implementation schemes. Moreover, in 
order to attain the effects of the EE measures 
implementation, the local authorities may perform 
individualized research of the building stock within 
each municipality, applying the same methodology that 
was used on the level of Bosnia and Herzegovina. Last 
but not least, the end-users may learn about the 
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benefits of refurbishment of the building types they 
inhabit, thus contributing to raising awareness of the 
general public, by applying the EE measures in their 
own capacity.  
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